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ABSTRACT

The lack of a reliable supply of disease-resistant postlarvae (PL) continues to contribute to the uncertainty,
inefficiency, and economic loss facing shrimp farmers worldwide. Many of the world’s estimated 375 913 shrimp farms
rely heavily on wild stocks (for brood and seed to stock ponds) and many of the 5777 hatcheries (Rosenberry 1999) rely
on ready-to-spawn adult females from the oceans as a source of nauplii. As the shrimp aquaculture industry has matured,
the number of farms relying on hatcheries for seed has increased and hatcheries are adopting technology to control the
reproductive process and to produce generation after generation of shrimp without totally relying on the wild populations.
This technology offers independence from the unpredictable fluctuations in wild populations, accessibility to the superior
non-indigenous species, improvement in performance through artificial selection, and some control over the diseases
found in feral stocks through development of disease-resistant strains.

The technology for control of shrimp reproduction has not changed much since the most important breakthroughs
in this area occurred more than 20 yr ago. The United States Department of Agriculture (USDA) Shrimp Farming
Consortium has made progress toward domesticating the western whiteRanagus vannamethe newly proposed
genus by Perez and Kensley (1998)iwpenaeuy and has worked toward developing High Health, Genetically
Improved (HHGI) animals for the industry. More progress is needed to stay ahead of the shrimp virus problems plaguing
the industry. Problems with male shrimp quality have been overcome to some extent by using artificial insemination
techniques but, again, more research is needed.

The technology for controlling shrimp reproduction is under constant refinement by commercial and academic
groups. Initial breakthroughs occurred more than 65 yr ago when a Japanese researcher published the first written
account of shrimp culture (Hudinaga 1935). The same researcher spawned the kuruma shrimp and described the techniques
in detail (Hudinaga 1942). Panouse (1943) described shrimp eyestalk ablation, but it was not used in commercial shrimp
maturation until the early 1970s. A few advanced farms were familiar with the techniques, but there was reluctance to
share information. For many years, the industry generally preferred wild-caught PL over hatchery-reared PL, but with
the advent of shrimp viruses like the White Spot Syndrome Virus (WSSV) and evidence of measured growth from
captive stocks, the industry is gradually becoming more dependent on captive stocks. Disease-resistant, hatchery-reared
animals are becoming more popular for pond stocking. Practicing the HHGI concept involves strict biosecurity measures
at the hatchery and farm to control disease which generally involve limiting access and maintaining strict quarantine
procedures. Pond growout comparisons have been made with PL from different sources, and it is documented that
domestication and the HHGI concept (with added biosecurity measures practiced) have benefits over wild-caught stocks.
The USDA funded US Marine Shrimp Farming Program, The Oceanic Institute, and a number of other organizations
have made progress in domesticating and selecting faster-growing, disease-resistant families of shrimp and have brought
them forth in their breeding programs. Several private companies are now utilizing the offspring from this work to
produce future generations of shrimp for the aquaculture industry (Dr. James Wyban, Hawaii, personal communication,
http://www.hihealthshrimp.com). Several research groups have selected animals through numerous generations that do
not require ablation and the resulting animals selected spawn without ablation (Dr. Robert Shleser, Hawaii, personal
communication). Through selective breeding, virus-resistant straiRs silirostris called the Super Shrimp were
developed in Venezuela without eyestalk ablation (Chris Howell, Venezuela, personal communication) and this has
assisted Mexico to reestablish itself as one of the top producing shrimp mariculture countries in Latin America.

INTRODUCTION japonicusfemales and reared the resulting larvae
Maturation - Research History to subadults (Hudinaga 1942). The capture of wild

Dr. Motosaku Fujinaga (Hudinaga 1935) females with mature ovaries for immediate
made some of the most important contributions ~ SPawning in captivity, known as “sourcing”, was
to the development of shrimp culture when he first  the only method known and practiced for inducing
accomplished captive spawning of matire penaeid females to spawn in captivity until the
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early 1970s. As discussed earlier, shrimp eyestalk
ablation was not used in commercial shrimp
maturation until the early 1970s.

The sourcing of gravid female shrimp is
still widely practiced today in many countries with
an abundant supply of wild brood in nearby
waters. In the past, Japan had a total output of
600 to 700 million PL shrimp annually using
sourced femald. japonicus About 80% were
used to restock coastal fisheries and the rest were
used in commercial culture (Liao and Chao 1983).
Sourcing, or obtaining ready-to-spawn females
from the wild, has been used worldwide for
experimental and commercial culture of numerous
other species. This is particularly true in Southeast
Asia where a singl®. monodorfemale can sell
for US$500-$2,000 or more. Sourcing, however,
limits culturists to the use of indigenous species
that may or may not be the best, or even a suitable,
culture species and is dependent on seasonal
availability, migratory movements, weather,
natural rhythms, and diseases in feral populations.
Efforts to induce penaeid reproduction in captivity
continued so that a consistent, reliable source of
PL seedstock could be obtained to support
commercial culture operations and establish the
basis for genetic selection to develop ideal
domestic stocks with strong growth and survival
characteristics (resistance to diseases). Annie
Laubier-Bonichon and L. Laubier at the Centre
Oceanologique de Bretagne in Brest, France,
developed the “Laubier method” of shrimp
maturation which involves maturation &f
japonicususing temperature and photoperiod
manipulation, without ablation or the removal of
one eye (Laubier-Bonichon and Laubier 1976;
Laubier-Bonichon 1978). The Laubier method
worked forP. japonicuson a small scale but was
not dependable for commercial use. The French
made other important advances in shrimp
maturation (Aquacop 1977a, 1977b, 1979, 1984).
Additionally, the Southeast Asian Fisheries
Development Center (SEAFDEC) in the
Philippines made very important contributions to
our present knowledge of shrimp maturation
(Primavera 1978, 1979; Primavera et al. 1980).
Good literature reviews of maturation and
reproduction in penaeid shrimp were done by
Primavera (1985), Harrison (1990), and Bray and

Lawrence (1992). In the 1990s, shrimp viruses
forced the industry to rely less on feral
populations, adopt biosecurity measures, and look
more closely at perfecting domestication of
species. The shrimp aquaculture industry has
followed similar steps taken earlier by the poultry
and swine industries in an attempt to control
diseases.

Maturation and Spawning Research
Highlights in the United States

Johnson and Fielding (1956) reported the
first successful maturation and spawning (with
fertilized eggs) oP. setiferusn the US, but this
was in ponds. In 1959, the National Marine
Fisheries Service (NMFS) had begun to adopt and
use a modification of the Japanese culture
technique to assist with closing the cycle of
important species for the shrimp fishery in Texas.
Cummings (1961) described maturation and
spawning in the pink shrimp. duorarum Dr.
Fujinaga visited the NMFS Laboratory in
Galveston, Texas, in 1963 with the intention of
scouting the area for a shrimp mariculture facility.
Instead, a facility was later built in the state of
Florida. Some of the other research publications
from the NMFS lab were Brown and Patlen
(1974), Brown et al. (1979, 1980), and Duronslet
et al. (1975). The Galveston Laboratory, serving
as an important demonstration and training center
for maturation-hatchery biologists worldwide,
continued to refine maturation, hatching and
larval-rearing methods throughout the 1970s. The
methods utilized by the NMFS researchers are still
widely known as the intensive method or “the
Galveston Laboratory Technique” (Klima 1978;
McVey 1983) sometimes referred to as the
clearwater method. The methods used today are
basically modifications of this intensive method,
and methods developed in Asia and other parts of
the world. NMFS continued research and training
at the Galveston laboratory in the early 1980s,
and later under Texas A&M University (Lawrence
et al. 1980) the research continued along similar
lines. Similar research occurred at Texas A&M
University (TAMU) main campus (Chamberlain
and Gervais 1984) and the TAMU Texas
Agricultural Experiment Station labs in Corpus
Christi and Port Aransas, Texas. Other institutions



like The Oceanic Institute in Hawaii (Oyama et
al. 1988) worked with shrimp maturation and
spawning. Since the late 1980s, research and
development by the US Marine Shrimp Farming
Program has contributed to the success of the US
shrimp aquaculture industry. Commercial trials
with the domestication oP. vannameihave
resulted in disease resistant strains using the HHGI
concept and animals are provided to the US
industry that have been tested commercially and
selected from numerous families.

Hybridization of penaeid shrimp was
attempted withP. setiferust+ P. stylirostrisand
other species at TAMU in the 1980s, but their
offspring were sterile (Lawrence et al. 1984; Bray
et al. 1990). Reproduction of penaeid species was
detailed by Bray and Lawrence (1992) but little
to no work has been done since then on
hybridization.

Fecundity

Martosubroto (1974) showed that there
is a direct correlation between size of the shrimp
and the number of eggs per spawn. Other
references showing higher egg numbers with
larger animals are Emmerson (1980), Ottogalli et
al. (1988), Hansford and Marsden (1995), and
Beard et al. (1977). Evidence indicates multiple
spawning of unablateB. setiferuqfive spawns
per lifetime) and at least two spawns per season
from P. setiferus, P. duorarum, P. japonicaisd
Metapenaeus affinisMultiple spawning of
unablatedP. japonicusand pond-raisedp.
vannamehas been shown in captivity and in one
case, an unablated female spawned 19 times in 7
mo. UnablatedP. merguiensibiave been noted to
spawn an average of 2.6 mo in captivity compared
with an average 2.8 mo f& japonicus.

There are conflicting data, but wikl
vannameigenerally produce average spawns of
between 55 000 and 150 000 eggs, whereas pond-
raised females of the same species and size
produce 22 000-100 000 eggs. Larger species such
as P. monodoncan produce 700 000 to over 1
million eggs/spawn. For example, a 290-g (10.2-
0z) femaldP. monodomight spawn 700 000 eggs,
whereas a 454-g (1-LB) female might spawn 1.4
to 1.8 million eggs each spawn (personal
experience in Indonesia). Some data for ld
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vannameispawners from the Ecuadorian coast
might contradict the above (Roeland Wouters,
CENAIM/ESPOL, Ecuador, The following
equation was calculated from 612 spawns (some
of them were repeat spawns) from spawners with
weights ranging from 27 to 80 g: y = 3665 x + 22
660 with R-squared = 0.1892 [eggs per spawn =
(3665 x spawner weight in g) + 22 660]. The
largest spawn in this group was 621 000 eggs from
a 45-g female. Pond shrimp (n=51) give similar
results to wild spawners. A significant positive
correlation between fecundity and spawner weight
(P<0.05; P<0.001) has been shown in most
batches of wildP. vannameispawners. When
filling in data in the previously listed equation, it
can be noticed that this equation is okay for wild
broodstock, while domesticated animals produce
30% less than predicted. The latter observation is
only based on 25 samples, which is not enough to
draw solid conclusions, but similar results have
been reported by numerous hatcheries. This could
indicate that lower fecundity of domesticated
broodstock is not only due to lower spawner
weight, but that other factors, such as inadequate
feed, could be involved as well. Some managers
feed their animals excellent feeds (artificial
broodstock diets and fresh diets) and often
overcome this problem in ponds. Most hatchery
operations report that it generally takes three to
four generations to obtain pond broodstock of
equal or better quality than wild broodstock.
Operations which depend upon wild broodstock
should start serious breeding programs as soon as
possible and over time the benefits will become
apparent. Fecundity is just one of a long list of
traits to select for in a breeding program.
Spawning without ablation, rapid growth, and
resistance to disease might be others.

Other data available on fecundity (Peter
Larkins, personal communication) are:
domesticated stocks from Colombia (Wt 37 @)
eggs/female 105,000 (n=25); wild stocks from
Panama (pond raised from wild nauplii kept in
maturation tanks with Wt 29.5 g) eggs/female
116,000 (n=25); and Ecuadorian (wild broodstock
kept in maturation tanks with Wt 60 g) eggs/
female 230 000 (n=130).

Other data (Dr. Henry C. Clifford,
personal communication) indicate that the pond-
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reared, domesticate®, vannamebroodstock
raised and maintained under normal maturation
conditions, naturally mated, unablated and
ablated, averaging around 45 g (females) typically
produce in the range of 120,000-160,000 viable
nauplii/spawn. It has been more than 15 yr since
Clifford measured the percent fertilization (per
cent of fertile eggs in each spawn), but he recalled
it generally varied from 60-90% in viable spawns.
Natural spawning (percent mating) generally were
on the order of 7-12% of the female population
per d (when the maturation system was “healthy”).
The author’s experience has been that the
percentage of fertile eggs of ablated fenfale
vannameiis in the 90% + range shortly after
ablation and tapers off with time. After 3 mo, the
animals had to be replaced.

In contrast, Preston et al. (1999) showed
that wild kuruma shrimp broodstock produced
about the same number of eggs as equal-sized
domesticated kuruma shrimp broodstock, but the
survival of larvae from the domesticated stock was
half that of larvae from wild broodstock. They
found that it would take 12 domesticated brood
to produce enough PL to stock a 1-ha pond,
whereas, it would only take six wild brood to stock
the same pond. However, the costs of postlarvae
production using wild broodstock is Aus$851 per
pond compared to Aus$390 using domesticated
broodstock to stock a 1-ha pond with postlarvae.
The high cost of sourcing wild brood contributed
to the difference. See Magarelli (1981) for further
information, primarily with reference t®.
stylirostris production and the importance of
nutrition.

Male Reproductive System

The male genital system was thoroughly
discussed by Motoh (1981). References on the
male shrimp spermatophore and spermatozoa are
Jeri (1998); Bauer (1986); Heitzman and Diter
(1993); Bauer and Cash (1991); Pascual et al.
(1998). The spermatozoa are non-motile and have
been described as resembling a golf ball on a tee.
Leung-Trujillo (1990) found that the number of
spermatozoa is directly related to the size of the
male. She found that a 35-g male might carry 70
million sperm per compound spermatophore.
Methods for assessing male sperm quality have

been reported by Bray et al. (1985) and Leung-
Trujillo and Lawrence (1987).

Female Reproductive System

The female reproductive system consists
of paired ovaries, paired oviducts and a single
thelycum; the first two are internal and the last is
an external organ and was thoroughly discussed
by Motoh (1981).

Description of Current Technology in
Shrimp Maturation and Spawning

Almost all hatcheries require availability
of oceanic-quality water on a 24-h basis. Salinity
and temperature are the most important water
parameters impacting production of shrimp in the
hatchery, and must be maintained in a narrow
range, between 27 and 36 ppt salinity and 28 C
(82 F) plus or minus two degrees for most
penaeids. These and other important factors in the
maturation and spawning of penaeid shrimp are
discussed in detail by Treece and Fox (1993).

Parameters for Tropical Shrimp Maturation
and Allowable ranges/24 hr.
Salinity
27-36 ppt +/- 0.5
Temperature
28 C +/- 2 (80.5-84.2 F)
pH
7.8+/-0.2
Light
141,10D
D.O.
5 ppm

Other parameters to consider in the
maturation of penaeids are nitrogen levels in the
water (especially ammonia and nitrites) which
should be very low to non-existent. Average sea
water has: 0.02-0.04 mg/L (ppm) NN =
ammonium ion (total ammonia nitrogen), 0.01-
0.02 mg/L (ppm) NGN (nitrite), and 0.1-0.2 mg/

L (ppm) NO,-N (nitrate). Chen and Chin (1988)
found that 0.1 mg/L (ppm) nitrite or above can
affect reproduction.

Nutrition of broodstock is another
important aspect of shrimp maturation.
Middleditch et al. (1980) showed tHatvannamei
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grown in captivity reached sexual maturity when
fed diets similar in fatty acid profiles to that of
marine bloodworms. Bloodworms have a high n-
3 and n-6 PUFA ratio and this variable is thought
by some to be the key factor necessary for a
maturation diet. Lytle and Lytle (1989) looked at
the fatty acid composition and variations in
individual bloodworms. Dechan and Chen (1975)
described the process required for the culture of a
similar Lugworm species, which could be
modified for bloodworms. Results indicate that
squid, oysters and a diet supplement made from
Artemiacalled Marilla appear to best match the
fatty acid profile of bloodworms. Alarge hatchery
in Panama reported that Marilla, when added to
the maturation diet, saved approximately US$27
000/yr by increasing the frequency of females
spawning, the total number of viable eggs
spawned and the survival rate of the nauplii
produced. Magarelli (1981) also found sex-
specific nutritional requirements for crude protein
and fat in culturedP. stylirostrisbroodstock. He
found that female shrimp required a higher protein
level, a lower fat level, a higher protein/calorie
ratio and a much higher protein/fat ratio than
males. Again, a combination diet is most often
used so that all of the essential requirements for
both males and females are met.

It has also been demonstrated that marine
polychaetes can be replaced successfully with
Artemia biomass for shrimp maturation and
reproduction and that the culture Aftemia
biomass can be done under intensive or extensive
conditions (Naessens et al. 1997). Roeland
Wouters of CENAIM/ESPOL in Ecuador and
researchers at the Laboratory of Aquaculture and
Artemia Reference Center at the University of
Gent, Belgium, have replaced polychaetes with
Artemia, and CENAIM reports to have
successfully replaced both polychaetes and
Artemiawith an experimental artificial diet.

Shrimp Biosecurity

Biosecurity measures are a must now that
serious diseases such as the White Spot Syndrome
Virus (WSSV) and others have plagued the
industry since the early 1990s. The serious reader
should obtain the “Proceedings of the U.S. Marine
Shrimp Farming Biosecurity Workshop (February

1998)” edited by Shaun Moss, Shrimp Program
Manager with The Oceanic Institute US Marine
Shrimp Farming Program ( or see
www.oceanicinstitute.@). The proceedings
provide a good overview of the US Marine Shrimp
Farming Program biosecurity strategy and an
interesting glimpse at some private sector shrimp
farms in the United States.

Biosecurity Measures and Suggested

Criteria For Countries Importing Live

Shrimp
The following are suggested for

maintaining biosecurity within a country or area

and suggested criteria for importing live shrimp.

The criteria should have a sunset of 1 yr and

should be reviewed and modified, if necessary,

yearly.

All imports should be restricted to closed cycle
hatcheries with at least 2 yr experience
with this larval production method.

Hatcheries should have at least a 2 yr performance
and health record of producing shrimp
(broodstock, nauplii, and postlarvae)
preferably with past imports to the coun-
try, which could verify in a practical way
the health status of the larval production
centers. Hatcheries should be clear of
Taura Syndrome Virus (TSV) and WSSV
for the past 6 mo.

Selected hatcheries should be asked as early as
possible to perform a general health cer-
tification using polymerase chain reaction
(PCR) assay for WSSV, and situ hy-
bridization for TSV in a diagnostic lab,
for their broodstock tanks or ponds and
maturation tanks in production. A repu-
table diagnostic lab should do such certi-
fication once a month before the season
begins, and during stocking season
postlarvae produced should be spot-tested
for WSSV and TSV using 6-day-old PL
to 30-day-old PL samples. Hatcheries
should practice the amplification method
on brood (if brood die, then body parts
are fed to other brood to amplify the ef-
fects).

If needed selected hatcheries should be visited at
least two mo prior to shipments into the
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country, by designated representatives of

the industry and regulatory authority to

collaborate biosecurity procedures and
general health status.

Sampling methods in the broodstock farms, matu-
ration and hatchery tanks, for viral diag-
nostics, should be standardized and con-
ducted by a reputable diagnostic labora-
tory.

The country of Australia has published
on the Internet a report detailing the country’s
animal quarantine policy, a description of the
import risk analysis process for shrimp, and
categorization of shrimp disease age(itsp://
www.aqis.govau/docs/anpolicy/98-086b.doc).

Mating of Open-Thelycum Shrimp

The mating of open-thelycum shrimp was
discussed by Aquacop (1977b), Primavera (1979)
and De Saint-Brisson (1985). Many other authors
have deduced the presence of sex pheromones in
decapod crustaceans (see Dunham 1978).

Mating of Closed-Thelycum Shrimp

Mating of closed-thelycum penaeids was
described by Hudinaga (1942), Primavera (1979,
1985), Yano (1987) among others. Spawning lasts
from 2 to 7 min.

Maturation Research On Hormonal
Control

Researchers in the 1980s were able to
isolate and characterize hormonal systems
involved in maturation/reproduction of the spiny
lobster (Quackenbush and Herrnkind 1983).
Researchers later undertook similar work with
penaeid shrimp (Chan et al. 1988; Bradfield et al.
1989). The pink shrimp. duorarumwas the first
penaeid to be researched and researchers at Texa
A&M University looked into the elimination of
some of the husbandry problems associated with
maturation (egg fertility, decreased spawning rate
over time), but progress has been slow.

Panouse (1943) was the first to recognize
that removal of the X organ/sinus gland complex
by eyestalk ablation often results in premature or
nonseasonal gonadal hypertrophy. This effect has
been attributed to removal of gonad inhibiting
hormone (GIH), which is neither sex- nor species-

specific (Otsu 1963; Bomirski et al. 1981).
Research on other aspects of hormonal control
over maturation has been done by: Bliss (1966);
Kamemoto et al. (1966); Adiyodi and Adiyodi
(1970); Fingerman (1970); Silverthorn (1975);
Van Herp et al. (1977); Bollenbacher et al. (1978);
Chang and O’Conner (1978); Highnam (1978);
Kleinholz (1978); Andrew and Saleuddin (1979);
Kulakovskii and Baturin (1979); Emmerson
(1980); Bellon-Humbert et al. (1981); Faure et
al. (1981); Adiyodi and Subramoniam (1983);
Quackenbush and Herrnkind (1983);
Quackenbush and Keeley (1986); Laufer et al.
(1986, 1987) and Bradfield et al. (1989).

According to Caillouet (1972), Aquacop
(1975), and Duronslet et al. (1975), ova in female
shrimp are typically reabsorbed without
subsequent spawning. These problems were
alleviated by the ablation of only one eyestalk
(unilateral eyestalk ablation), which provided
moderate hormonal stimulus without reabsorption
of ova or excessive mortality (Arnstein and Beard
1975; Wear and Santiago 1977). Consequently,
unilateral eyestalk ablation rapidly emerged
worldwide as a simple procedure for inducing
reproduction of numerous species of penaeid
shrimp reared in captivity. Some researchers have
even used ablation to improve growth rate of
shrimp (Hameed and Dwivedi 1977).

Eyestalk ablation has been performed
using a variety of methods described by Duronslet
et al. (1975) and Primavera (1978,1985) and is
summarized by Fox and Treece (2000). Shrimp
that are ablated as they prepare to enter their
reproductive peak are more conditioned to yield
a reproductive (as opposed to molting) response
than those entering a reproductively dormant
period (Bliss 1966). Within a molt cycle, ablation

Sperformed during premolt leads to molting;

ablation immediately after molting causes death;
and ablation during intermolt leads to maturation
(Adiyodi and Adiyodi 1970).

The fecundity and viability of spawns
from ablated females have sometimes been
inferior to spawns from females matured in the
wild (Adiyodi and Adiyodi 1970; Beard and
Wickins 1980; Emmerson 1980; Lumar 1981).
Other important works dealing with crustacean
hormonal control, ablation and crustacean
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reproduction can be found in the following
references: Otsu (1963); Fingerman (1970);
Silverthorn (1975); Laubier-Bonichon and
Laubier (1976); Santiago (1977); Van Herp et al.
(1977); Dunham (1978); Kleinholz (1978);
Andrew and Saleuddin (1979); Aquacop (1979);
Kulakovskii and Baturin (1979); Primavera et al.
(1980); Bellon-Humbert et al. (1981); Bomirski
et al. (1981); Faure et al. (1981); Adiyodi and
Subramoniam (1983); and Bray and Lawrence
(1992).

Ablation of Male Penaeid Shrimp

Male ablation causes precocious
maturation ofP. monodonand P. merguiensis
(Alikunhi et al. 1975); however, it has also been
shown to increase gonad size and double mating
frequency of smaller (25-30 d9. vannamein
comparison to similar-size, unablated control
shrimp (Chamberlain and Lawrence 1981).
Eyestalk ablation of male shrimp has rarely been
considered useful and the author does not
recommend its use under practical culture
conditions.

Further information on ablation and
shrimp reproductive physiology can be found in
Treece and Yates ([1990] 1993), Treece and Fox
(1993) and Fox and Treece (2000).

Broodstock Diseases

Consult Brock and Main (1995) if
working with P. vannameiand Alday de
Graindorge and Flegel (1999) if working with
monodon.An Internet web site where shrimp
diseases are discussed is http://www.agis.gov.au,
and a 50+ page document can be downloaded at
http://www.aqis.gov.au/docs/anpolicy/98-
086b.doc.

High health broodstock are available from
commercial hatcheries. One example is at Internet
web sitehttp://wwwhihealthshrimp.com.

According to Itami et al. (1998),
establishment of disease-resistant shrimp strains
is one possible solution to the disease problems
now threatening the world shrimp industry.
Because artificial breeding techniques of kuruma
shrimp have not been sufficiently developed, this
will be an important area for future research.
Recent developments in molecular biology such

as identification of cDNA markers and
microsatellite markers for growth performance
and viral disease resistance, may lead to a higher
rate of genetic improvement in shrimp (Acacia et
al. 1997).

Other Research on Maturation and
Spawning

A few researchers and few commercial
hatcheries in Venezuela, Ecuador, Australia and
Mexico have been able to select families in a
breeding program and obtain egg development,
mating and spawning of captive penaeids without
ablation. Temperature and photoperiod
manipulation alone have not produced sustainable
commercial operations without ablation. As a rule,
hatcheries have not been able to base a
long-lasting, profitable, highly-productive
commercial operation without ablation. The
nonablation approach is the desired route for
hatcheries in the future, but presently only makes
up a very small percentage. Some of the research
toward this end was discussed by Benzie (1997)
and Browdy (1998). Most of the research deals
with endocrinology, particularly the research
aiming at isolating and identifying substances that
promote maturation.

A shrimp maturation unit or tank is
described in detail by Treece and Fox (1993) and
the procedures for operation are covered in that
publication.

Research on broodstock nutrition often
focuses on developing diets that enhance
maturation (Harrison 1990, 1997). From the
literature, personal experience, and discussions
with maturation managers, it appears to be much
easier to mature domesticated shrimp than wild
shrimp. Progress has been made toward
domesticating shrimp or pond-raised stock and a
growing number of hatcheries are doing this
without eyestalk ablation. Mendoza et al. (1997)
discussed the influence of squid extracts on
triggering of maturation.

United StatesTexas A&M University has
just completed a maturation facility study dealing
with closed filter types and concluded that the
column filter developed by John Ogle at the Gulf
Coast Marine Research Laboratory in Ocean
Springs, Mississippi, improved shrimp maturation
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and increased the number of females spawning
each night compared to the bead filters used and
on the open market (Bray, personal
communication).

Researchers at Texas A&M University
have been working on isolating and characterizing
the hormones if. vannameusing monoclonal
antibodies, and have synthesized and injected
brood animals (Dr. Larry Keeley personal
communication). The commercial hatchery in
Texas is not interested in the injected form because
shrimp do not handle the stress of injection well.
A few years before, Dr. Scott Quackenbush (one
of Dr. Keeley’s colleagues) isolated and
characterized the hormones in the pink shriinp
duorarumafter leaving TAMU to join a Florida
University.

Ecuador CENAIM in Ecuador is
presently conducting a study entitled
“Improvement of reproduction and egg quality of
penaeid shrimp by induction of ovary maturation
by neuropeptides and by diet” (http://
www.cenaim.espol.edu.ec). This project contains
two parts: (1) endocrinology, coordinated by Julie
Nieto (julianieto@latinmail.com) who is also
doing some research at the Catholic University
of Leuven (Belgium), and (2) nutrition. In the
endocrinology study, the identification and
purification of 30 novel pure peptides from shrimp
central nervous system is the major outcome of
the project thus far. However, it is important to
stress that these peptides were not purified based
on a maturation assay due to the difficulty
encountered in establishing a reliable assay.
Nevertheless, these novel peptides are present in
the nervous system during the maturation process
and therefore may be directly or indirectly related
to such physiological processes. Purified peptides
need to be characterized, determining their
physiological pathway of action and their kinetics
during the maturation process. The major
limitation encountered during this project was the
establishment of a homologous bioassay which
proved a role of the peptide in maturation. The
bioassay is the key to the success in the
purification of peptidedn-vivo experiments had
no positive results sind® vannameare sensitive
to manipulation. Working witin-vitro assays was
the second option used and is presently underway.

Australia Dr. Michael Hall at the
Australian Institute of Marine Science (AIMS) has
been working on replacement of eyestalk ablation
in P. monodorior 5 yr (m.hall@aims.goau).

Mexica Eduardo Figueras, Hatchery
Director, Industrias Pecis, Merida, Yucatan, (http:/
/www.pecis.com;EFigueras@pecis.com) has
been conducting research on the domestication
of P. vannameibroodstock and found that
maturation improves with each generation. Some
organisms were kept unablated and their offspring
normally spawned without ablation. He reports
that some hatcheries in Mexico are seeing
excellent results with unablated females, after
their third domesticated generation. At present,
their hatchery had a second generation of
broodstock and almost 30% of their females were
spawning without ablation. The interesting thing
about this is that the average number of females
spawning has improved from 5% daily to 12%
and the spawns are about the same size as the
ablated controls. They have also found that an
unablated female can produce high quality nauplii
through almost 200 d in compared to 120 d for
the ablated females.
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